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Creatinine clearance, pulse wave velocity, carotid compliance ized by increased systolic blood pressure (SBP) with nor-
and essential hypertension. mal or even decreased diastolic blood pressure (DBP)
Background. The vascular hallmark of subjects with end- [1, 2]. Such alterations are consistently associated withstage renal disease is increased arterial stiffness independent
increased stiffness of the large conduit arteries. This arte-of blood pressure, wall stress, and cardiovascular risk factors
such as hypertension, plasma glucose and cholesterol, obesity, rial stiffening is associated with a vascular remodeling,
and tobacco consumption. Whether arterial stiffness and kid- characterized by dilation of elastic-type arteries, and in-
ney function are statistically associated in subjects with plasma creased intima-media thickness of both elastic- and mus-creatinine #130 mmol/L has not yet been determined.
cular-type arteries [3]. It has been shown that in ESRDMaterial. In 1290 subjects with normal or elevated blood
patients, the arterial remodeling and increased stiffness,pressure values and plasma creatinine #130 mmol/L, subjects
were divided into three tertiles according to the calculated measured from aortic pulse wave velocity (PWV), is a
creatinine clearance. Blood pressure, aortic pulse wave velocity strong independent predictor of all-cause and mainly(PWV), and standard cardiovascular risk factors were deter-
cardiovascular (CV) mortality [2]. The mechanisms re-mined in parallel. In 112 of the hypertensive subjects, common
sponsible for arterial stiffening in hemodialyzed patientscarotid and radial artery structure and function (high-resolu-
tion echo-Doppler techniques) also were measured. is incompletely understood, but could not be exclusively
Results. From the 1290 subjects, only the low-tertile group related to high blood pressure, wall stress, or standardpresented a significant negative association between PWV and
CV risk factors such as plasma glucose and cholesterol,creatinine clearance independently of blood pressure and stan-
overweight, or increased tobacco consumption [3, 4].dard risk factors. This association was stronger in subjects #55
years of age. In the 112 hypertensive subjects, carotid compli- Nevertheless, the possibility that significant alterations
ance was positively correlated to creatinine clearance even of the viscoelastic properties of conduit arteries alreadyafter an adjustment for age, gender, and blood pressure. At
appear at an early stage of the disease, that is, in patientsless than 55 years of age, creatinine clearance represented 20%
with mild or moderate renal dysfunction, has never beenof the variance of carotid compliance. Such findings were not
observed for radial artery compliance. investigated.
Conclusion. Increased stiffness of central arteries is statisti- Altered kidney function is one of the basic pathophysi-
cally associated with reduced creatinine clearance in subjects
ological mechanisms of hypertension. Whether the renalwith mild-to-moderate renal insufficiency, indicating that kid-
changes are the cause or the consequence of hyperten-ney alterations may interact not only with small but also large
arteries, and this is independent of age, blood pressure, and sion remains a subject of debate, but most prior studies
standard risk factors. focused on the association of renal disorders with alter-
ations of peripheral vascular resistance, that is, changes
of arteriolar structure and function [5]. The possibilityClinical studies in patients with end-stage renal disease
that renal alterations may be also connected to changes(ESRD) and who are undergoing hemodialysis have shown
in the structure and function of large conduit arteries toblood pressure values that are most frequently character-
our knowledge has not been taken into consideration.
However, in experimental models of rats with moderate
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renal insufficiency, structural changes of the aorta havepressure, arterial stiffness, hemodialysis, viscoelastic properties of ar-
teries. been reported that are independent of age and blood
pressure or atherosclerosis-related conventional risk fac-Received for publication July 25, 2000
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been negatively associated with plasma creatinine, inde-Ó 2001 by the International Society of Nephrology
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pendently of age, gender, mean blood pressure (MBP), mia (N 5 106; defined as plasma glucose $1.24 g/L or by
the presence of noninsulin antidiabetic drug treatment),and conventional risk factors such as diabetes, cigarette
smoking, or dyslipidemia [7]. Nevertheless, most of the obesity (N 5 297, defined as body mass index $28 kg/m
in men and $29 kg/m in women), or increased tobaccosubjects of this study were under antihypertensive drug
treatment. Therefore, it is possible that mild or even consumption (N 5 510; defined as a consumption $20
cigarettes per day). The number of CV risk factors perinfraclinical alterations of renal function are already as-
sociated with stiffening of large conduit arteries in sub- subject was one for 415 subjects (32%), two for 324
subjects (25%), three for 186 subjects (15%), and morejects with normal or high blood pressure who are in a total
absence of any previous antihypertensive drug therapy. than three in 85 subjects (7%).
The investigation was performed at 9 a.m. after bloodThe present study examined untreated subjects with
normal or high blood pressure levels to (1) evaluate the fasting specimens were done for determinations of plasma
glucose, total cholesterol, and creatinine. Written con-structure and the viscoelastic properties of the aorta,
the musculoelastic common carotid artery (CCA), and the sent was obtained from all of the participants after a de-
tailed description of the procedure. All subjects (N 5muscular medium-sized radial artery, and (2) determine
whether a statistical association may be observed be- 1290) had determinations of creatinine clearance, blood
pressure, and aortic PWV. Carotid and radial artery struc-tween the structure and function of these arteries with
renal function evaluated from creatinine clearance mea- ture and function were studied in only 112 hypertensive
subjects.surements. The results of the present investigation clearly
show that arterial stiffening is associated with a progres-
Estimation of renal functionsive decline in creatinine clearance, even in patients
whose clearance remains within the physiological range, Creatinine clearance was calculated from plasma cre-
atinine, age, gender, and body weight according to theand that this association is mainly observed at the site
of central (aortic) but not peripheral arteries. Cockcroft and Gault formula [9], which is known to give
a correlation coefficient between predicted and mea-
sured creatinine clearance of 0.83. In a sample (N 5 67)
METHODS
of the present population, the correlation coefficient was
Patients 0.61. Furthermore, the average difference between pre-
dicted and measured values was no greater than that be-From June 1996 to June 1998, approximately 3200 pa-
tients entered the Department of Internal Medicine of tween two paired 24-hour clearance measurements. Note
that in our population, natriuresis per 24 hours was be-Broussais Hospital (Paris, France) for a CV check-up,
motivated by the presence of one or several CV risk fac- tween 65 and 130 mmol, and subjects who had macropro-
teinuria or microproteinuria were excluded from the study.tors involving high blood pressure, smoking, dyslipide-
mia, diabetes mellitus, and/or a family history of prema- From the individual values of normalized creatinine
clearance, the 1290 subjects were divided into three ter-ture CV disease. From those patients, only those never
treated subjects with normal blood pressure or with sus- tiles. The definition of each tertile took into account the
role of both age and gender. For age, 55 years was chosentained essential hypertension were selected on the basis
of previously described criteria [8]. Normal blood pres- as the significant cut-off point, since this is considered
the threshold at which CV complications begin to occursure was defined as a SBP ,140 mm Hg and a DBP
,90 mm Hg, and high blood pressure was defined as SBP in both men and women [1]. According to these observa-
tions, the chosen cut-off for the lower tertile of normal-$140 mm Hg and/or DBP $90 mm Hg, as determined
by arm cuff and mercury sphygmomanometer, with the ized creatinine clearance (mL/min21/1.73 m2) was 104 in
young men, 72 in young women, 85 in old men, and 56subject in a supine position, taking a minimum of three
casual measurements during the last two months. Sub- in old women.
jects with a history of congestive heart failure, cerebro-
Blood pressure measurementsvascular, coronary, or valvular heart disease, renal insuf-
ficiency (defined by a serum creatinine level .130 mmol/L), Casual brachial blood pressure was measured by sphyg-
momanometry after 10 minutes of rest with the patientor insulin-dependent diabetes were not included in the
study. Finally, the investigation was performed in 1290 in a supine position using the first and the fifth phases
of the Korotkoff sounds. One physician performed threesubjects (887 men and 403 women) between 19 and 81
years (mean of 47 years). Body weight and height were, consecutive measurements, and the average of the last
two measures was considered. MBP was then calculatedrespectively, 73 6 14 kg (61 SD) and 170 6 9 cm. From
the 1290 subjects, 1010 presented one or several CV as MBP 5 DBP 1 1/3 (SBP 2 DBP). Pulse pressure
(PP) was calculated as PP 5 SBP 2 DBP.risk factors involving hypertension (N 5 448, as defined
previously in this article), hypercholesterolemia (N 5 For the CCA and radial artery determinations, semi-
automatic noninvasive measurements of brachial blood411; defined as plasma cholesterol $2.4 g/L), hyperglyce-
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pressure were performed by the Dinamap 1846SX device CCA and radial artery measurements in 112
(Critikon Inc., Tampa, FL, USA). This technique uses hypertensive subjects
the oscillometric method to estimate SBP, DBP and Arterial measurements were performed at the sites of
MBP, and has been described elsewhere [7, 8]. The de- the right CCA and radial artery 2 cm proximal to the
vice was set to inflate automatically every three minutes. carotid bifurcation and 2 cm above the wrist. For each
Ten automatic measurements were recorded on a printer patient, the value of arterial parameters was the mean
before the casual measurement. The average of the last of three measurements, each measurement resulting
five measurements was considered as the value of blood from the recording of 8 to 10 diameter imaging. CCA
pressure obtained with this device. measurements were performed in 112 never treated sub-
Because the carotid PP is physiologically lower than jects with hypertension and radial artery measurements
brachial PP for the same MBP [1–3], CCA and radial were taken in 84 of the 112 subjects.
artery pressure waveforms were recorded noninvasively To determine radial artery diameter and wall thick-
with a pencil-type probe incorporating a high-fidelity ness, we used an ultrasound system that had been pre-
Millar strain-gauge transducer (SPT-301; Millar Instru- viously described and validated in vivo [11]. The trans-
ments, Houston, TX, USA) on a Gould 8188 recorder ducer was positioned so that the focal zone was located
(Gould Electronic, Ballainvilliers, France) at 100 mm/ in the center of the artery; so the backscatter echo from
sec [10]. A detailed description of this system has been both the anterior and posterior walls could be visualized.
published previously [3, 10]. While SBP and PP increase A typical radio frequency signal was then displayed on
significantly from central to peripheral arteries, falls in a computer monitor interfaced to the transducer system.
DBP or MBP from the ascending aorta to the radial Radial artery (systolic-diastolic variations) diameter and
artery do not exceed 2 to 3 mm Hg [1–3, 10]. Therefore, posterior wall (intima-media) thickness were measured
the CCA pressure wave was calibrated assuming that when a double-peak radio frequency ultrasound signal
radial and carotid DBP and MBP were nearly equal. of the anterior and posterior wall was obtained. These
The MBP of the CCA pressure wave, computed from
signals were only visible as the ultrasound beam crossed
the area of the wave in the corresponding heart period,
the axis (center of the vessel). They were characterizedwas taken as being equal to brachial MBP. The amplitude
by a first high-amplitude signal, followed by a relativelyof the CCA pressure wave was computed from DBP and
silent acoustic zone and then a second high-amplitudethe position of MBP on the pressure wave. Then the
signal. All data processing was performed using a soft-CCA PP was calculated. The reproducibility of these
ware developed by Asulab (Neufchatel, Switzerland) asmeasurements has been established in detail previously
previously described [11, 12]. Notably, the pulse length[3, 10].
of this ultrasound system was 0.1 msec at 6 dB and corre-
sponded to a practical axial resolution of 0.16 mm forDetermination of aortic PWV in the
absolute internal diameter or intima-media thickness mea-overall population
surements and 2.5 mm for these parameters during sys-Carotid-femoral (aortic) PWV was measured using the
tolic-diastolic changes. Repeatability of radial artery mea-Compliort device. The technical characteristics of this
surements has been published in detail elsewhere [12].device have been described [10] and indicate interob-
Systolic-diastolic variations of the CCA diameter wereserver and intraobserver repeatability coefficient values
measured using an original pulsed ultrasound echo track-to be $0.9. The basic principle of PWV measurement is
ing system based on the Doppler shift. The details of thisthat the pressure pulse generated by ventricular ejection
method have been described elsewhere [8, 13]. Briefly,is propagated along the arterial tree at a speed deter-
the system enabled a transcutaneous assessment of themined by the geometric and elastic properties of the
displacement of the arterial wall during the cardiac cyclearterial wall [1]. PWV is calculated from measurement
and, hence, the time-dependent change in arterial diame-of pulse transit time and the distance traveled by the
ter to its initial diameter at the start of the cardiac cycle,pulse between two recording sites, according to the fol-
knowing that the availability of the electrocardiogramlowing formula: PWV (m/sec) 5 distance (m)/transit
trigger facilitated the detection of the peak distention oftime (sec). Carotid-femoral PWV is calculated from the
the artery relative to its initial diameter. The displace-time delay between the recorded proximal (carotid) and
ment of the arterial wall was obtained by processing thedistal (femoral) foot waves and the superficially mea-
Doppler signals originating from two selected samplesured distance separating the respective transducers.
volumes, thereby enabling the evaluation of the systolicThis calculation is automatically performed by the Com-
(Ds) and the diastolic (Dd) diameters, the stroke changeplior algorithm after entering the distance data [10]. In
of diameter during systole (Ds 2 Dd), and the relativeour study, PWV was calculated on the mean basis of
stroke change of diameter [(Ds 2 Dd)/Dd]. Reproduc-10 consecutive pressure waveforms to cover a complete
respiratory cycle. ibility has been published in detail elsewhere [8, 10].
Mourad et al: Creatinine clearance and PWV 1837
Table 1. General description according to the three tertiles of normalized creatinine clearance: the comparison means (SD) and
significance of the comparison of the three tertiles are shown after an adjustment for age and gender
Tertile
High Middle Low Adjusted P
Age years 45.53 (11.40) 46.20 (11.47) 49.06 (11.20) 0.0001
SBP mm Hg 146.1 (20.9) 139.3 (20.6) 136.3 (20.0) 0.0001
DBP mm Hg 90.8 (14.3) 85.5 (13.9) 83.3 (13.1) 0.0001
MBP mm Hg 107.4 (15.5) 102.4 (15.4) 100.5 (14.8) 0.0001
PP mm Hg 54.1 (11.5) 52.3 (11.4) 51.8 (12.1) 0.0001
PWV m/s 9.42 (2.07) 9.33 (2.11) 9.31 (2.26) 0.7786
Heart rate bpm 73.4 (12.6) 70.5 (12.1) 69.6 (11.9) 0.0001
Body mass index kg/m2 28.5 (4.4) 24.8 (2.9) 22.9 (2.7) 0.0001
Weight kg 84.84 (13.92) 71.80 (10.47) 63.78 (9.70) 0.0001
Height cm 173 (9) 170 (9) 167 (8) 0.0001
Plasma total cholesterol g/L 2.24 (0.43) 2.23 (0.44) 2.22 (0.39) 0.0754
Plasma HDL cholesterol g/L 0.54 (0.14) 0.59 (0.16) 0.61 (0.16) 0.0001
Plasma glucose g/L 1.13 (0.34) 1.05 (0.12) 1.06 (0.13) 0.0001
Plasma creatinine mmol/L 79.6 (12.2) 83.3 (12.2) 88.4 (13.4) 0.0001
Normalized creatinine clearance
mL/min21/1.73 m2 122.1 (32.1) 89.4 (17.4) 68.5 (15.6) 0.0001
Abbreviations are: SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; PP, pulse pressure; PWV, pulse wave velocity; HDL,
high density lipoprotein.
To calculate radial and carotid arterial stiffness [3, 8, slope between PWV and creatinine clearance, which was
so adjusted according to age, gender, MBP, heart rate,10, 12], compliance was expressed as dV/dP, where dV
represents the systolic-diastolic changes of the volume and the other CV risk factors. The percentage variance
of each factor influencing PWV was calculated accordingof the arterial segment, dP the local PP (systolic minus
DBP), and V the diastolic arterial volume. Assuming to a stepwise linear regression.
that the increase in volume (dV) is caused only by the
distention of the artery (and not by elongation), the
RESULTS
cross-sectional compliance can be expressed as dA/dP,
Aortic pulse wave velocity in the overall populationwhere A is the diastolic arterial cross-sectional area and
dA the systolic-diastolic change in cross-sectional area, Table 1 shows that in the overall population, divided
into three tertiles of creatinine clearance, significant (P ,using a cylindrical model of the artery. In the same way,
cross-sectional distensibility is calculated as (dA/dP)/A. 0.001) differences were observed in the three groups of
subjects in terms of age, blood pressure, heart rate, andIn our study, compliance and distensibility were mea-
CV risk factors, but not PWV (P 5 NS). Table 2 showssured in the steady-state (that is, operational) conditions,
the slope (regression coefficient) of the relationship re-which was at each subject’s own MBP. Blood pressure
lating PWV (independent variable) to each of the othervalues were obtained from simultaneous measurements
studied parameters (age, gender, blood pressure, heartobtained with Dinamap apparatus (discussed previously
rate, and the different CV risk factors) in each ter-in this article).
tile of creatinine clearance. The degree of significance
Statistical evaluation of each slope (adjusted to all the other studied parame-
ters) is also indicated. In addition, for each studied pa-Quantitative data are expressed as mean 6 SD and
as N (%) for categorical variables. Analysis were per- rameter, the interslope comparison between the three
tertiles was significant (P 5 0.04). Taking into accountformed with SAS program release 6.12 Copyright Ó 1989–
1996 by SAS institute Inc. (Cary, NC, USA). A P value all of these data, it appears that PWV was significantly
associated with age, heart rate, and to a lesser extent,#0.05 was considered significant.
An analysis of covariance (combining some of the fea- the MBP of subjects in each of the three tertiles. Exclu-
sively in the lower tertile, PWV and normalized creati-tures of regression and analysis of variance) was used to
test whether the regression slopes of PWV on normalized nine clearance were negatively and significantly associ-
ated (P # 0.0178), even after an adjustment to the othercreatinine clearance was different within the three clear-
ance tertiles defined from the entire population. The parameters, including age, gender, blood pressure, heart
rate, and the other standard CV risk factors (including hy-same calculation was performed for each class of CV
risk factors as well as for age, gender, MBP, and heart pertension evaluated as a qualitative variable). Figure 1
shows the curve corresponding to this significant correla-rate. A multiple linear regression test was then used in
each tertile class of creatinine clearance to evaluate the tion. Note that this statistical association was significantly
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Table 2. Regression of PWV (independent variable) versus each of the other measured parameters
Low P Middle P High P
(R 2 541%) (reg) (R 2 535%) (reg) (R 2 534%) (reg)
Constant 0.247 (1.738) 0.8873 0.457 (2.100) 0.828 1.528 (1.147) 0.1834
Age years 0.050 (0.010)b 0.0001 0.057 (0.011) 0.0001 0.074 (0.009) 0.0001
Gender men/women 20.325 (0.305) 0.2883 20.217 (0.414) 0.6015 20.219 (0.229) 0.3402
Heart rate bpm 0.020 (0.008)e 0.0117 0.015 (0.008) 0.0501 0.029 (0.007) 0.0001
MBP mm Hg 0.055 (0.010)a 0.0001 0.040 (0.009) 0.0001 0.010 (0.008) 0.2023
Hypertension yes/no 0.142 (0.278) 0.6096 0.382 (0.262) 0.1456 0.418 (0.247) 0.0915
Smoking habits yes/no 0.130 (0.184) 0.4804 0.199 (0.172) 0.247 20.172 (0.174) 0.3231
Plasma total cholesterol g/L 20.025 (0.238) 0.9165 0.009 (0.201) 0.9628 0.273 (0.208) 0.1888
Plasma glucose g/L 1.555 (0.722)c 0.0319 1.147 (0.755) 0.1297 0.370 (0.251) 0.1413
Obesity yes/no 20.105 (0.545) 0.847 20.365 (0.250) 0.1452 0.180 (0.196) 0.3596
Normalized creatinine clearance
mL/min21/1.73 m2 20.020 (0.009)d 0.0178 20.001 (0.010) 0.958 0.001 (0.003) 0.644
For a given parameter, each slope (that is, regression coefficient with SD) was adjusted to all the other parameters.
P (reg) is the result of regression of normalized clearance on pulse wave velocity.
R2 given by a stepwise linear regression, represents the totality (for low, mid or high) and part ([1], [2], . . .) of variance of each significant parameter:
a R 2 5 24.4%; b R 2 5 8.9%; c R 2 5 4.1%; d R 2 5 1.2%; e R 2 5 0.9%
Table 3. Clinical and biological parameters, blood pressure and
PWV measurements in 112 hypertensive subjects
Age
,55 years $55 years P
Men/women (ratio) 47/23 22/30 NS
Age years 46 (7) 62 (5) ,0.0001
Weight kg 81.2 (15.1) 76.0 (11.4) 0.06
Height cm 170 (9) 166 (10) 0.03
Body surface area
kg/m2 1.71 (0.18) 1.64 (0.15) 0.03
Heart rate bpm 71.6 (10.3) 69.3 (10.5) NS
Brachial SBP mm Hg 156 (13) 167 (16) 0.0001
Brachial DBP
mm Hg 97.1 (7.9) 98.4 (7.6) NS
Brachial MBP
mm Hg 116 (9) 119 (9) 0.07
Brachial PP mm Hg 58.8 (10.4) 68.8 (13.7) ,0.0001
Fig. 1. Relationship between pulse wave velocity (PWV) and normal- PWV m/s 12.64 (2.65) 14.57 (2.52) 0.0003
ized creatinine clearance in subjects from the lowest tertile group. The Creatinine clearance mL/min 111.4 (30.2) 85.2 (16.9) ,0.0001
slope was adjusted for age, gender mean blood pressure (MBP) and mL/min21/1.73 m2 112 (39.1) 81.4 (21) ,0.0001
cardiovascular (CV) risk factors: 20.020 6 0.009, P 5 0.0178.
Data are mean (1 SD). Abbreviations are in Table 1.
higher for the subjects younger 55 years of age (data not
group (Table 4), whereas compliance and distensibilityshown) and that the contribution of creatinine clearance
were significantly lower (P , 0.0001). The carotid inter-to the PWV variance remained small (,1.2%; Table 2).
nal radius/wall thickness ratio (r/h) did not differ in the
Carotid and radial artery measurements in the two groups. In both younger and older subjects, carotid
hypertensive subjects PP was significantly (P , 0.0001) lower than brachial
PP. Radial artery parameters (Table 5) did not differ inFrom the 112 hypertensive patients, older subjects
the two age groups (Table 4), with the exception of the($55 years) had the same gender repartition and the
r/h ratio, which was slightly lower (P , 0.02) in the oldersame mean arterial pressure as younger subjects (,55
subjects.years; Table 3). They had also similar values of heart
After an adjustment for age, gender, heart rate, andrate and brachial DBP. However, brachial systolic pres-
mean arterial pressure in the total hypertensive popula-sure (P , 0.0001), PP (P , 0.0001), and aortic PWV
tion (112 patients), the carotid diameter and carotid wall(P , 0.0003) were significantly higher, and creatinine
thickness were significantly (r 2 5 0.25, r 2 5 0.20) andclearance (P , 0.0001) was significantly lower in the
positively correlated with normalized (or unnormalized)older subjects (Table 3).
creatinine clearance. However, the carotid r/h ratio didFor the same mean arterial pressure value, the carotid
not correlate with creatinine clearance. Carotid compli-diameter (P 5 0.08), wall thickness (P 5 0.007) and PP
(P , 0.0001) were significantly higher in the older age ance (and not distensibility) was positively (r 5 0.45)
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Table 4. Common carotid artery (CCA) parameters in DISCUSSION
the 112 hypertensive subjects
In 1290 never treated subjects, this study showed that
,55 years $55 years aortic PWV was negatively correlated to the estimatedCCA parameters (N570) (N552) P
creatinine clearance, but only in the lower tertile of the
PP mm Hg 44.71 (9.42) 53.44 (11.91) ,0.0001
population. This relationship was independent of gender,Mean diameter mm 7.03 (0.88) 7.34 (0.92) 0.08
Wall thickness mm 0.65 (0.15) 0.73 (0.16) 0.007 MBP, and standard CV risk factors. In a subgroup of 112
Internal radius/thickness ratio 4.59 (1.18) 4.17 (1.01) 0.06 subjects characterized by an untreated hypertension, there
Compliance mm2·kPa21·1027 6.29 (2.10) 4.69 (1.58) ,0.001
was a direct relationship between the common carotid (butDistensibility kPa21·1023 16.3 (4.6) 11.0 (2.7) ,0.001
not the radial) artery compliance and creatinine clearance.Data are mean (1 SD). P tests are the result of the comparisons of mean
values (ANOVA). Abbreviations are in Table 1. Subject characteristics are Finally, these findings was significantly more pronounced
defined in Table 3. in subjects below 55 years of age. Taken together, these
results indicate that in subjects with mild-to-moderate
renal insufficiency, an elevated stiffness of the central
Table 5. Radial arterial parameters according to age in arteries is significantly associated with a reduced creati-
hypertensive subjects nine clearance, independent of blood pressure and other
standard CV risk factors.Age
Epidemiological and clinical studies have shown thatRadial artery parameters ,55 years $55 years P
damage of large arteries is a major contributing factor toMen:women (ratio) 38:12 22:12 NS
the high CV morbidity and mortality observed in ESRDMean diameter mm 2.61 (0.36) 2.44 (0.48) NS
Wall thickness mm 0.26 (0.05) 0.29 (0.08) NS patients [1, 2]. Complications caused by macrovascular
Internal radius/thickness (r/h) ratio 4.10 (1.11) 3.37 (0.92) 0.02 disease are related to alterations in both their conduitCompliance mm2·kPa211027 1.81 (0.62) 1.83 (0.54) NS
function and resulting occlusive atheromatous lesionsDistensibility kPa21·1023 4.30 (2.80) 3.53 (2.52) NS
and the changes in their capacitive properties, that is,Here pulse pressure is brachial pulse pressure. Data are mean (1 SD). P values
are test results of comparisons of means (ANOVA). the stiffening of arterial walls [1–3]. Arterial stiffening
is associated with remodeling of the arteries character-
ized by dilation and hypertrophy of the major elastic-
type arteries like CCA [3]. The mechanism(s) responsi-
ble for the abnormal arterial stiffness in ESRD patients
is not entirely understood, but studies comparing the
carotid and the radial arteries have shown that they are
largely independent of the mechanical factors involved
by wall stress or high blood pressure [3, 4]. Whether
these arterial lesions are specific to ESRD or already
present before the development of terminal renal failure
remains unknown. As the present results show, the aortic
PWV and the CCA compliance are significantly corre-
Fig. 2. Linear regression of carotid compliance with normalized creati- lated with creatinine clearance already in subjects with
nine clearance in subjects younger than 55 years old. y 5 0.0284x 1 normal or mildly elevated serum creatinine levels, and
3.22; R 2 5 0.2019.
thus with creatinine clearance values close to normal
ranges. As in ESRD patients, these associations are inde-
pendent of the principal factor influencing the measure
of arterial viscoelastic properties, namely blood pressure,and significantly (P , 0.0007) correlated with creatinine
clearance even after adjusting for age, gender, heart rate, which is statistically associated with both decreased arte-
rial compliance and increased stiffness [1]. It is importantand mean arterial pressure. While the finding was ob-
served in the total population, it was mainly noted in to emphasize that in the present study, the correlations
were observed mainly in younger subjects and they con-the younger subjects (,55 years; Fig. 2). In this latter
group, creatinine clearance correlated negatively with cerned the musculoelastic CCA and not the muscular-
type radial artery. All of these findings are importantPP (r 5 20.22) and positively with stroke change of
diameter (r 5 0.11). The contribution of creatinine clear- to consider as several observations point to differential
effects of aging and high blood pressure on the differentance to the total variance of carotid compliance was
20%. In contrast with carotid determinations, creatinine conduit arteries of the vascular tree [14–16].
In previous studies, we and others compared the CCAclearance did not correlate significantly with radial artery
parameters in this population (data not shown). CV risk structure and function in subjects with essential hyper-
tension and unimpaired (or mildly impaired) renal func-factors did not interfere with the observed results.
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tion and in subjects with ESRD [14–20]. Those investiga- inhibiting the cross-linking required forming stable elas-
tions showed that (1) for the same age, gender repartition, tin, and thereby increasing arterial stiffness [27]. In a
MBP, and wall stress, patients with ESRD had a larger recent study in subjects with sustained essential hyper-
arterial diameter and wall thickness as well as greater tension and unimpaired renal function, we observed a
stiffness of wall material in comparison to nonuremic significant association between serum homocysteine con-
patients [16, 17]; (2) for the same level of renal function, centration, CCA geometry and structure [28], and finally
gender repartition, MBP, and wall stress, older subjects aortic PWV [29]. In ESRD patients on hemodialysis,
had a larger arterial diameter and wall thickness as well plasma homocysteine levels are markedly more elevated
as greater stiffness of wall material as compared to than in subjects with essential uncomplicated hyperten-
younger subjects [16, 18–20]; and finally, (3) no interac- sion [21]. They correlate with the stiffness of muscular
tion between age and renal factors could be observed in lower-limbs artery but not with the aortic stiffness [21].
the studied populations [16]. The present results, which In conclusion, the present study shows that in young
were mainly observed in a population of young subjects patients with mild and/or infraclinic renal insufficiency,
with preserved renal function and/or mild renal insuffi- the reduction of creatinine clearance is significantly asso-
ciency, confirm the absence of interaction between age ciated with increased arterial stiffness independently of
and renal factors. Creatinine clearance plays a significant blood pressure level. The finding predominates in younger
role (20%) in the variance of carotid compliance primar- populations and is mainly found on the central musculoe-
ily in the younger population, which thus excludes aging lastic CCA. This observation indicates that alterations
alone as a common denominator influencing the results. of the viscoelastic properties of the arterial wall are sig-
Several risk factors present in ESRD patients could be nificantly connected to renal alterations, and that this
associated with or responsible for the increased arterial association is present long before the appearance of
stiffening, as arterial calcifications, hyperparathyroidism, ESRD and macrovascular complications. However, the
glucose, and lipid disorders increased endothelin levels mechanisms linking the parallel deterioration of kidney
and a number of unidentified factors [1, 2, 21–25]. How- and arterial function remain incompletely understood
ever, in the present study, the statistical link between cre- and require further studies.
atinine clearance and carotid compliance or aortic PWV
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